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Abstract
The nuclear recoil effect on the g factor of the ground state of highly charged B-like ions is studied to first
order in the electron-to-nucleus mass ratiom/M . The leading one-electron and two-electron recoil contributions
are calculated nonperturbatively in the parameter αZ within the rigorous QED formalism. The interelectronic-
interaction correction to the nuclear recoil effect is evaluated in the Breit approximation by means of perturbation
theory to the first order in 1/Z . The higher-order interelectronic-interaction corrections are taken into account
partially by performing the calculations with the effective screening potential. The results obtained represent the
most accurate up-to-date treatment of the nuclear recoil effect on the g factor of highly charged B-like ions in the
range Z = 20–92.
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I. INTRODUCTION
The last two decades have seen a combination of intensive theoretical and experimental investiga-
tions of the g factor of highly charged ions which delivered the stringent tests of bound-state quantum
electrodynamics (QED) in the presence of external magnetic field (see, e.g., Refs. [1, 2] and references
therein). For instance, the comparison between the experimental data [3–7] and the theoretical predic-
tions (see Ref. [8] and references therein) for H-like ions has yielded the most accurate value of the
electron mass [7]. Investigations of Li-like ions have provided an access to the many-electron QED
effects on the g factor [9–11]. Moreover, one may expect that the forthcoming experiments with highly
charged ions will bring an independent determination of the fine-structure constant [12–14].
However, the impending studies aim not only at more accurate determination of fundamental
constants but also at probing bound-state QED in a conceptually different regime where the nucleus
can no longer be considered as a mere source of the strong Coulomb field. As the nucleus has a finite
mass, one should take into account the corresponding recoil effect, which requires more sophisticated
theoretical methods beyond the usual Furry picture be developed. In this regard, in the recent study [15],
it was shown that the nontrivial QED contribution to the nuclear recoil effect on the g factor can be
experimentally examined at strong-coupling regime in the so-called specific difference of the ground-
state g-factor values of heavy H-like and Li-like ions of the same isotope. Recent measurement of
the g-factor isotope shift in Li-like calcium [16] has demonstrated the feasibility of the experimental
investigations of this kind. Evaluation of the nuclear recoil effect within the most advanced methods
available to date has improved the agreement between theory and experiment for Li-like calcium and
provided the most accurate theoretical predictions for Li-like ions in the range Z = 10–92 [17, 18].
The present study is focused on the nuclear recoil effect on the ground-state g factor of B-like
ions. In contrast to s states of, e.g., H- and Li-like ions, for p states this effect possesses a nonzero
nonrelativistic limit and is generally more pronounced. Nevertheless, the theoretical uncertainty of the
recoil contribution in the case of B-like ions is still much larger than that for H-like and Li-like systems
due to the lack of relativistic calculations. The interest to these theoretical studies is also maintained
by the g-factor measurements in B-like ions anticipated in the near future. Presently implemented
ARTEMIS experiment at GSI [19, 20] and ALPHATRAP experiment at the Max-Planck-Institut fu¨r
Kernphysik (MPIK) [1] are expected to attain the accuracy of 10−9 and better for the g factors of
medium and heavy few-electron ions, including B-like ones. Recent calculations of the correlation
and QED effects resulted in the theoretical predictions with the accuracy up to 10−6 [21–26], which
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demands detailed study of the nuclear recoil effect as well. This motivates us to carry out systematic
QED calculations in order to obtain the most accurate up to date values of the nuclear recoil contribution
to the ground-state g factor of B-like ions.
In our previous study [27], we evaluated this contribution to first order in the electron-to-nucleus
mass ratio m/M within the lowest-order relativistic (Breit) approximation for light B-like ions (Z =
10–20) taking into account the first-order corrections due to the electron-electron interaction effects. In
the present investigation, we extend our studies to B-like ions in the range Z = 20–92 and carry out the
first evaluation of the nontrivial QED part of the recoil effect to all orders in αZ. The influence of the
correlation effects is also treated within the Breit approximation to the first order of perturbation theory.
The higher-order interelectronic-interaction corrections are taken into account approximately by means
of the effective potential. Relativistic units (~ = 1, c = 1) and Heaviside charge unit [α = e2/(4π),
e < 0] are employed throughout the paper.
II. THEORETICAL METHODS
Our theoretical description is based on the independent-electron approximation with the Dirac
Hamiltonian for the spherically symmetric binding potential V (r),
hD = −iα · ∇+ βm+ V (r) . (1)
We assume the external magnetic field to be directed along the z axis, H = Hez, and describe it
by the classical vector potential of the form Acl(r) = [H × r]/2 and the corresponding contribution
−eα ·Acl(r) = µ0Hm [r × α]z to the Dirac Hamiltonian, where µ0 = −e/2m is the Bohr magneton.
According to Refs. [28–30], in the case of one electron in the |a〉 state over closed shells, the nuclear
recoil correction to the g factor can be evaluated to zeroth order in 1/Z as
∆g =
1
µ0ma
1
M
i
2π
∞∫
−∞
dω
[
∂
∂H
〈a˜|[pk −Dk(ω) + eAkcl]G˜(ω + ε˜a)[p
k −Dk(ω) + eAkcl]|a˜〉
]
H=0
, (2)
where ma is the angular momentum projection of the a state, p
k = −i∇k is the momentum operator,
Dk(ω) = −4παZαlDlk(ω), and
Dlk(ω, r) = −
1
4π
{exp (i|ω|r)
r
δlk +∇
l∇k
(exp (i|ω|r)− 1)
ω2r
}
(3)
is the transverse part of the photon propagator in the Coulomb gauge. We also imply here and below
the summation over the repeated indices. The tilde sign indicates that the corresponding quantities (the
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wave function |a˜〉, the energy ε˜a, and the Dirac-Coulomb Green’s function G˜(ω)) are to be determined
in the presence of magnetic field. The Dirac-Coulomb Green’s function reads G˜(ω) =
∑
n˜ |n˜〉〈n˜|[ω −
ε˜n + iη(ε˜n − ε˜F)]
−1, where ε˜F is the Fermi energy and η → 0. As noted in Ref. [28], one can partially
take into account the nuclear size correction to the recoil effect on the g factor by using the extended-
nucleus potential Vnucl(r) as V (r) in hD. Moreover, one can replace Vnucl(r) with the effective potential
Veff(r) = Vnucl(r) + Vscr(r) which includes some local screening potential Vscr(r). This allows one to
partially take into account the interelectronic-interaction effects.
Expression (2) incorporates both one- and two-electron nuclear recoil contributions. The one-
electron part∆g(1el) is represented as a sum of the low-order and higher-order terms,∆g(1el) = ∆g(1el)L +
∆g(1el)H . The former completely includes the contributions of orders (αZ)
0 and (αZ)2 and can be derived
from the relativistic Breit equation,
∆g(1el)L =
1
ma
m
M
〈δa|
[
p2 −
αZ
r
(
α+
(α · r)r
r2
)
· p
]
|a〉
−
1
ma
m
M
〈a|
(
[r× p]z −
αZ
2r
[r×α]z
)
|a〉 , (4)
where |δa〉 =
∑εn 6=εa
n |n〉〈n|[r×α]z|a〉(εa−εn)
−1. In the case of a point-like nucleus, this contribution
can be evaluated analytically [28]:
∆g(1el)L [p.n.] = −
m
M
2κ2ε2a + κmεa −m
2
2m2j(j + 1)
, (5)
where κ is the relativistic angular quantum number of the a state, j is its total angular momentum, and
εa is the Dirac energy with the rest mass included. To leading orders in αZ, for 2p1/2 state it yields
∆g(1el)L [p.n.] = −
m
M
[
4
3
−
5
12
(αZ)2 + . . .
]
. (6)
In the case of a general binding potential, e.g., extended-nucleus potential Vnucl(r) or the effective
screening potential Veff(r), the low-order term is to be evaluated numerically according to Eq. (4).
The higher-order contribution ∆g(1el)H to the one-electron part can only be derived within the rig-
orous QED approach beyond the Breit approximation. This contribution, referred to as the one-electron
QED recoil term, reads [28]
∆g(1el)H =
1
ma
m
M
i
2π
∞∫
−∞
dω
{
〈δa|Bk−(ω)G(ω + εa)B
k
+(ω)|a〉+ 〈a|B
k
−(ω)G(ω + εa)B
k
+(ω)|δa〉
+ 〈a|Bk−(ω)G(ω + εa) ([r×α]z − 〈a|[r×α]z|a〉)G(ω + εa)B
k
+(ω)|a〉
}
, (7)
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where Bk±(ω) = D
k(ω) ± [pk, V ]/(ω + i0), V (r) is either the potential of the nucleus Vnucl(r) or
the effective potential Veff(r) (see the discussion above), G(ω) =
∑
n |n〉〈n|[ω − εn(1 − i0)]
−1 is the
conventional Dirac-Coulomb Green’s function.
The two-electron part of Eq. (2) valid to all orders in αZ reads as follows [24]:
∆g(2el) =
1
ma
m
M
∑
c
{
ǫ3kl
(
〈a|rk|c〉〈c|[pl −Dl(∆)]|a〉+ 〈a|[pl −Dl(∆)]|c〉〈c|rk|a〉
)
− 〈δa|[pk −Dk(∆)]|c〉〈c|[pk −Dk(∆)]|a〉 − 〈a|[pk −Dk(∆)]|δc〉〈c|[pk −Dk(∆)]|a〉
− 〈a|[pk −Dk(∆)]|c〉〈δc|[pk −Dk(∆)]|a〉 − 〈a|[pk −Dk(∆)]|c〉〈c|[pk −Dk(∆)]|δa〉
+
(
〈a|
Dk(ω)
dω
∣∣∣
ω=∆
|c〉〈c|[pk −Dk(∆)]|a〉+ 〈a|[pk −Dk(∆)]|c〉〈c|
Dk(ω)
dω
∣∣∣
ω=∆
|a〉
)
× (〈a|[r×α]z|a〉 − 〈c|[r×α]z|c〉)
}
, (8)
where ∆ = εa − εc, ǫikl is the Levi-Civita symbol, |δc〉 =
∑εn 6=εc
n |n〉〈n|[r × α]z|c〉(εc − εn)
−1, and
the summation runs over all of the 1s and 2s closed-shell electronic states |c〉. It should be noted that in
Li-like ions this contribution vanishes completely [17, 18]. In what follows, we will also represent this
contribution as a sum of the low-order (Breit) and the higher-order parts, ∆g(2el) = ∆g(2el)L + ∆g
(2el)
H .
The low-order part is obtained from Eq. (8) by setting∆ = 0 (the derivative ofD vanishes in this case)
and dropping out theD ·D products. The higher-order part∆g(2el)H is the remainder.
In order to take into account the interelectronic-interaction effect on the nuclear recoil correction
to the g factor within the Breit approximation, it is convenient to represent the low-order parts, ∆g(1el)L
and ∆g(2el)L , as the contributions of the following operators [17]:
HmagnM = −µ0H
m
M
∑
i,j
{
[ri × pj ]−
αZ
2rj
[
ri ×
(
αj +
(αj · rj)rj
r2j
)]}
, (9)
HM =
1
2M
∑
i,j
[
pi · pj −
αZ
ri
(
αi +
(αi · ri)ri
r2i
)
· pj
]
. (10)
The contribution of HmagnM is given by the average value,
∆g(0)magn =
1
µ0Hma
〈A|HmagnM |A〉 . (11)
Here |A〉 is the many-electron wave function of the state of interest. This part contains the nonrela-
tivistic limit of the nuclear recoil effect derived by Phillips [31]. Therefore, it dominates for low and
middle values of Z except for the s states where this limit yields zero. The operator (10) describes the
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nuclear recoil effect on the binding energies in the absence of external field [32]. The corresponding
contribution to the g factor is given by the second-order term of the perturbation theory,
∆g(0)nonmagn =
2
µ0Hma
∑
N
′ 〈A|HM |N〉〈N |Hmagn|A〉
EA − EN
, (12)
where the operatorHmagn = µ0Hm
∑
j[rj ×αj ]z describes the interaction with the magnetic field. The
summation in Eq. (12) runs over the complete spectrum of the many-electron states |N〉 constructed
from the Dirac wave functions, including the one-electron negative-energy excitations. The prime here
and below indicates that the terms with EN = EA are excluded from the summation. The superscripts
(0) indicate that these terms are of zeroth order with respect to the interelectronic interaction. In the
case of one electron over the closed shells, e.g., for B-like ions, Eqs. (11) and (12) together yield the
same result as Eq. (4) and the low-order part of Eq. (8),
∆g(1el)L +∆g
(2el)
L = ∆g
(0)
nonmagn +∆g
(0)
magn . (13)
The influence of the electron-electron interaction on the nuclear recoil contribution to the g factor
is considered with the use of the Dirac-Coulomb-Breit Hamiltonian,
HDCB = Λ+
(∑
j
hD(j) +Hmagn +Hint
)
Λ+ , (14)
where the Coulomb-Breit operator Hint represents the interelectronic interaction,
Hint = α
∑
i<j
[
1
rij
−
αi ·αj
rij
−
1
2
(αi ·∇i)(αj ·∇j)rij
]
, (15)
and Λ+ is the positive-energy-states projection operator, constructed as the product of the one-electron
projectors. If the Dirac Hamiltonian hD includes the screening potential, the corresponding counterterm
δHint = −
∑
j Vscr(rj) has to be included inHint. To the first order of the perturbation theory inHint, the
magnetic part (11) of the nuclear recoil contribution to the g factor acquires the following correction:
∆g(1)magn =
2
µ0Hma
(+)∑
N
′ 〈A|HmagnM |N〉〈N |Hint|A〉
EA − EN
, (16)
where the plus sign over the sum indicates that the intermediate |N〉 states are constructed only from
the positive-energy one-electron Dirac wave functions. This correction completely takes into account
the first-order term in 1/Z and can partially incorporate the higher-order terms due to employing the
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effective screening potential. The first-order correction to the nonmagnetic part (12) can be written in
the following form
∆g(1)nonmagn =
2
µ0ma
∂
∂H
(+)∑
N
′ 〈A˜|HM |N˜〉〈N˜ |Hint|A˜〉
E˜A − E˜N
∣∣∣∣∣∣
H=0
, (17)
where the tilde sign indicates that the wave functions |A˜〉, |N˜〉 and the energies E˜A, E˜N are evaluated
in the presence of the magnetic field H, similarly to Eq. (2). In this case, the positive-energy-states
projector Λ+ also corresponds to the Dirac equation in the presence of magnetic field. Derivatives of
Λ+ with respect to the magnetic field give rise to the necessary contribution of the negative energy states
[33, 34]. Equation (17) can be rewritten in the explicit form involving the matrix elements of Hmagn.
However, since this form is rather cumbersome, it is not presented here.
III. RESULTS AND DISCUSSION
In this section, we present the results of our evaluation of the contributions to the nuclear recoil
effect according to Eqs. (4), (7), (8), (16), and (17). We perform the necessary angular integrations
analytically and calculate the radial parts and sum over the intermediate states numerically. To this
end, we use the finite-basis sets constructed from B splines [35, 36] within the dual-kinetic-balance
approach [37]. The Fermi model is employed to describe the nuclear charge distribution, and the
nuclear charge radii are taken from Ref. [38]. Performing the calculations with an effective potential
allows one to take into account the higher-order interelectronic-interaction effects only partly. In order
to have a reliable estimation of the higher-order contributions, we carry out the evaluation of the nuclear
recoil effect on the g factor of B-like ions with several different types of the effective potential. In
particular, we employ the core-Hartree (CH), Perdew-Zunger (PZ) [39], Kohn-Sham (KS) [40], and
local Dirac-Fock (LDF) [41] potentials (see also, e.g., Ref. [42]).
The low-order contributions to the g factor of B-like ions to zeroth order in 1/Z are conveniently
represented via the function A(αZ),
∆g(0) =
m
M
A(αZ) . (18)
In Table I we display the one-electron low-order part ∆g(1el)L in terms of the function A(αZ). While
the results of the calculations with the pure Coulomb potential induced by the extended nucleus are
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Table I. The low-order one-electron recoil contribution ∆g(1el)L to the g factor of the 2p1/2 state. The results are
presented in terms of the function A(αZ) defined by Eq. (18). The indices Coul, CH, PZ, KS, and LDF refer to
the calculations with the Coulomb and various screening potentials (see the text).
Z A
(1el)
Coul A
(1el)
CH A
(1el)
PZ A
(1el)
KS A
(1el)
LDF
20 −1.32441 −1.32556 −1.32537 −1.32538 −1.32548
30 −1.31311 −1.31486 −1.31456 −1.31458 −1.31473
40 −1.29700 −1.29939 −1.29897 −1.29899 −1.29920
50 −1.27579 −1.27885 −1.27829 −1.27831 −1.27861
60 −1.24901 −1.25282 −1.25209 −1.25212 −1.25252
70 −1.21607 −1.22071 −1.21978 −1.21981 −1.22034
80 −1.17619 −1.18177 −1.18059 −1.18063 −1.18133
82 −1.16731 −1.17309 −1.17186 −1.17189 −1.17263
90 −1.12862 −1.13527 −1.13378 −1.13381 −1.13473
92 −1.11817 −1.12505 −1.12349 −1.12352 −1.12448
shown in the first column, the other columns present the data obtained with four types of the effective
screening potential.
The two-electron nuclear recoil contribution to the g factor of B-like ions in the zeroth order
in 1/Z is presented in Table II in terms of the function A(αZ) defined by Eq. (18). For each Z the
low-order part ∆g
(2el)
L of the two-electron contribution is given in the first line, whereas the higher-
order correction ∆g
(2el)
H is shown in the second line. It is seen that the higher orders in αZ become
considerably important for large values of the nuclear charge Z. While for Z = 20 the higher-order
part amounts to about 0.01% of the total two-electron contribution, it reaches 11% at Z = 92.
The higher-order one-electron contribution is expressed in terms of the function P (αZ) defined
by
∆g(1el)H =
m
M
(αZ)3
8
P (αZ) . (19)
We note that for s states this contribution possesses the (αZ)5 behavior [17, 43] in contrast to the
general (αZ)3 behavior for states with l 6= 0. The numerical results for the function P (αZ) for 2p1/2
state are presented in Table III for the Coulomb and four different effective screening potentials. It is
seen that the QED contribution∆g(1el)H to the nuclear recoil effect strongly increases with Z.
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Table II. The two-electron nuclear recoil contribution ∆g(2el) to the ground-state g factor of B-like ions in zeroth
order in 1/Z . The low-order part∆g(2el)L and the higher-order part∆g
(2el)
H are given separately in the lines labeled
with L and H, respectively. The results are expressed in terms of the function A(αZ) defined by Eq. (18).
Z Part A
(2el)
Coul A
(2el)
CH A
(2el)
PZ A
(2el)
KS A
(2el)
LDF
20
L 0.54845 0.59158 0.59278 0.59869 0.59315
H −0.00008 −0.00006 −0.00006 −0.00006 −0.00006
30
L 0.54046 0.56825 0.56884 0.57225 0.56898
H −0.00040 −0.00033 −0.00034 −0.00033 −0.00034
40
L 0.52948 0.55063 0.55082 0.55321 0.55095
H −0.00127 −0.00111 −0.00113 −0.00112 −0.00112
50
L 0.51582 0.53339 0.53329 0.53513 0.53347
H −0.00313 −0.00282 −0.00287 −0.00284 −0.00285
60
L 0.49997 0.51539 0.51504 0.51654 0.51531
H −0.00663 −0.00610 −0.00618 −0.00614 −0.00614
70
L 0.48280 0.49682 0.49627 0.49754 0.49664
H −0.01273 −0.01189 −0.01203 −0.01198 −0.01196
80
L 0.46595 0.47896 0.47825 0.47937 0.47871
H −0.02311 −0.02182 −0.02208 −0.02202 −0.02193
82
L 0.46285 0.47568 0.47495 0.47605 0.47543
H −0.02594 −0.02454 −0.02482 −0.02477 −0.02466
90
L 0.45252 0.46467 0.46389 0.46491 0.46440
H −0.04097 −0.03901 −0.03947 −0.03943 −0.03919
92
L 0.45072 0.46269 0.46192 0.46293 0.46242
H −0.04594 −0.04380 −0.04432 −0.04429 −0.04401
Next, we turn to the first-order (in 1/Z) interelectronic-interaction correction to the nuclear recoil
effect on the g factor, evaluated as a sum of Eqs. (16) and (17),
∆g
(1)
L = ∆g
(1)
magn +∆g
(1)
nonmagn . (20)
The results are presented in Table IV in terms of the function B(αZ),
∆g
(1)
L =
m
M
B(αZ)
Z
. (21)
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Table III. The higher-order (QED) one-electron recoil contribution ∆g(1el)H to the g factor of the 2p1/2 state. The
results are expressed in terms of the function P (αZ) defined by Eq. (19).
Z PCoul PCH PPZ PKS PLDF
20 0.56851 0.45781 0.47084 0.45875 0.46551
30 0.65004 0.56209 0.57277 0.56352 0.56827
40 0.73423 0.65719 0.66676 0.65895 0.66255
50 0.82350 0.75251 0.76165 0.75482 0.75743
60 0.92423 0.85622 0.86551 0.85947 0.86098
70 1.05012 0.98201 0.99223 0.98689 0.98694
80 1.23001 1.15730 1.16973 1.16505 1.16289
82 1.27705 1.20262 1.21573 1.21119 1.20843
90 1.52714 1.44169 1.45885 1.45487 1.44887
92 1.61106 1.52148 1.54010 1.53628 1.52917
Despite a substantial discrepancy among the individual terms computed with different screening po-
tentials, the complete Breit-approximation value, which is a sum of the low-order contributions from
Tables I, II, and IV, turns out to be much more stable. This statement is demonstrated for Z = 20 and
Z = 92 in Table V, where the zeroth-order term A = A(1el) + A(2el), the first-order term B/Z, and
their sum are presented for all the potentials considered. The corresponding KS and LDF values from
Ref. [27] are presented as well. One observes a significantly better agreement among the total values
than among the individual terms. A small difference between the present KS and LDF results and those
from Ref. [27] is due to a modification of the procedures for designing the corresponding potentials in
the present study.
The total nuclear recoil correction to the g factor is given by the sum of the contributions discussed
above. We group them into the low-order (Breit) and higher-order (QED) parts,
∆grec = ∆gBreit +∆gQED , (22)
∆gBreit = ∆g
(1el)
L +∆g
(2el)
L +∆g
(1)
L , (23)
∆gQED = ∆g
(1el)
H +∆g
(2el)
H . (24)
Here the sum of the higher-order one- and two-electron contributions is referred to as the QED part. In
Table VI we present ∆gBreit, ∆gQED, and ∆grec in terms of the mass-ratio-independent function F (αZ)
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Table IV. The 1/Z interelectronic-interaction correction ∆g
(1)
L to the nuclear recoil effect on the ground-state g
factor of B-like ions evaluated within the Breit approximation. The results are expressed in terms of the function
B(αZ) defined by Eq. (21).
Z BCoul BCH BPZ BKS BLDF
20 1.8470 1.2024 1.1620 1.0305 1.1603
30 1.8300 1.1766 1.1414 1.0331 1.1451
40 1.8038 1.1498 1.1190 1.0202 1.1258
50 1.7661 1.1191 1.0914 0.9979 1.1004
60 1.7126 1.0831 1.0561 0.9660 1.0676
70 1.6377 1.0413 1.0107 0.9224 1.0264
80 1.5330 0.9947 0.9521 0.8639 0.9766
82 1.5078 0.9852 0.9386 0.8501 0.9658
90 1.3913 0.9500 0.8796 0.7884 0.9228
92 1.3586 0.9428 0.8640 0.7716 0.9128
defined by
∆g =
m
M
F (αZ) . (25)
According to the definitions (22)–(24), the Breit part incorporates the values given in Tables I, II (rows
L), and IV, while the QED contribution comes from Tables III and II (rows H). We have employed the
values calculated with the LDF potential as the final results. There are several origins of the indicated
uncertainties. First, we estimate the uncertainty due to the finite-nuclear-size effect which cannot be
taken into account exactly just by considering the potential for the extended nuclei. The reason for this
is that the nuclear recoil operators employed were derived for the case of a point-like nucleus. The
estimates were made assuming that the relative uncertainly due to the approximate treatment of the
nuclear size correction is equal to the relative value of the corresponding effect for the binding energies
evaluated within the Breit approximation in Ref. [44]. Second, we take into account the uncertainty
due to the incomplete treatment of the correlation effects which can be estimated as the spread of the
values obtained with different screening potentials. However, for the two-electron contributions the
uncalculated terms are probably underestimated in this way, see the related discussion in Ref. [27].
Therefore, for the Breit part, we calculated this uncertainty as ∆g(1)L · (∆g
(1)
L /∆g
(0)
L ), where ∆g
(0)
L =
11
Table V. The nuclear recoil effect on the g factor of B-like calcium and uranium for the Coulomb and different
effective screening potentials. The contributions of the zeroth (A(αZ), Eq. (18)) and first (B(αZ)/Z , Eq. (21))
orders in the interelectronic interaction are presented together with their sum. For calcium the corresponding
results for the KS and LDF potentials from Ref. [27] are displayed as well.
Z Term Coul CH PZ KS LDF KS [27] LDF [27]
20 A −0.77596 −0.73398 −0.73259 −0.72669 −0.73233 −0.726622 −0.727531
B/Z 0.09235 0.06012 0.05810 0.05152 0.05801 0.051451 0.053088
A+B/Z −0.68361 −0.67386 −0.67449 −0.67517 −0.67432 −0.675171 −0.674443
92 A −0.66745 −0.66236 −0.66157 −0.66058 −0.66206
B/Z 0.01477 0.01025 0.00939 0.00839 0.00992
A+B/Z −0.65268 −0.65211 −0.65218 −0.65220 −0.65214
Table VI. The Breit, QED, and total nuclear recoil contributions to the ground-state g factor of B-like ions
expressed in terms of the function F (αZ) defined by Eq. (25).
Z FBreit(αZ) FQED(αZ) Ftotal(αZ)
20 −0.674(11) 0.0001 −0.674(11)
30 −0.7076(48) 0.0004 −0.7072(48)
40 −0.7201(27) 0.0009 −0.7192(27)
50 −0.7231(16) 0.0018(1) −0.7214(17)
60 −0.7194(11) 0.0029(1) −0.7165(11)
70 −0.7090(8) 0.0045(1) −0.7046(8)
80 −0.6904(6) 0.0070(2) −0.6834(6)
82 −0.6854(7) 0.0077(2) −0.6777(7)
90 −0.6601(11) 0.0121(3) −0.6480(11)
92 −0.6521(13) 0.0138(4) −0.6383(14)
∆g(1el)L + ∆g
(2el)
L is the total Breit contribution of zeroth order in 1/Z. Here we used the values for the
pure Coulomb potential since the 1/Z series is no longer well defined once a screening potential is
introduced. For the QED part, the uncertainty was obtained by multiplying∆gQED by the conservative
factor 2/Z.
12
The results obtained demonstrate that the higher-order (QED) part of the nuclear recoil correction
to the g factor of B-like ions becomes significant for high values of Z. Further improvement of the
theoretical accuracy requires calculations of the second and higher-order terms in the 1/Z expansion
for the Breit part and the 1/Z correction to the QED part. These problems will be the subject of our
future investigations.
IV. CONCLUSION
In the present study we conducted a numerical analysis of the nuclear recoil effect on the ground-
state g factor of B-like ions in the range Z = 20–92. For the first time, the higher-order QED correction
was evaluated to all orders in αZ. This contribution exceeds the total theoretical uncertainty of the
nuclear recoil correction for Z & 60. The low-order relativistic recoil contributions were calculated to
zeroth and first orders in 1/Z within the Breit approximation employing the relativistic operators. The
higher-order contributions in 1/Z were partially taken into account by means of the effective screening
potential. The results of this study are indispensable for accurate theoretical predictions of the g factor
of highly charged B-like ions. Moreover, these results are expected to be very important for probing
QED at strong-coupling regime beyond the Furry picture in the forthcoming experiments at the MPIK
in Heidelberg and at the HITRAP/FAIR in Darmstadt.
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